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INTRODUCTION The Gironde i s g e n e r a l l y considered by geologists and geochemists as a model o f temperate zone estuary ( l ) . A s a r e s u l t , i t has been w i d e l y i n v e s t i g at e d w i t h a g r e a t number o f techniques i n order t o determine the s p e c i f i c e v o l u t i o n o f the f u n c t i o n a l c h a r a c t e r i s t i c s o f such an eco-system.
The estimation of primary photo s y n t h e t i c production c o n s t i t u t e s a necessary step i n such an i n v e s t i g a t i o n . D i r e c t measurements have beenattempted b u t due t o the d i f f i c u l t y o f such determination, a v a r i e t y o f i n d i r e c t methods such as c h l o r o p h y l l a n a l y s i s have been used. Indeed a good c o r r e l a t i o n has been established between c h l o r o p h y l l a and biomass estimates ( 2 ) as w e l l as p a r t i c u l a t e organic carbon and n i t r o g e n ( 3 ) . Furthermore, c h l o r o p h y l l measurements during the spring bloom i n the B a l t i c sea have been compared ' i t h p a r t i c u l a t e metals: Cu, Fe, Zn analyzed by atomic absorption technique. Good c o r r e l a t i o n i s o n l y observed i n the p h o t i c l a r g e r and n o t i n deeper water ( 4 ) .
Much e f f o r t has been devoted i n the i n v e s t i g a t i o n o f c h l o r o p h y l l e v o l u t i o n i n v a r i o u s environments. Temporal c h l o r o p h y l l e v o l u t i o n has been studied d u r i n g a t i d a l c y c l e i n Buzzard Bay ( 5 ) making evident the i n f l u e n c e o f t i d a l resuspension i n photosynthetic production during Spring and Summer. The s p a t i a l d i s t r ib u t i o n o f c h l o r o p h y l l has been i n v e s t i g a t e d i n the estuary of Penze (France).
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The observed disapearance o f the c h l o r o p h y l l i n the upper p a r t o f the estuary has been c o r r e l a t e d w i t h the increase i n s a l i n i t y ( 6 ) Only spectroscopic techniques have been used f o r these measurements. They a l l imply the s o l u b i l i z a t i o n o f the p a r t i c u l a t e c h l o r o p h y l l contained i n the water. The experimental procedure may vary b u t i t u s u a l l y consists i n a f i l t r a t i o n on a Whatman GFC f i l t e r followed by an e x t r a c t i o n o f the p a r t i c u l a t e matter w i t h acetone ( 7 ) . The e x t r a c t i s then analysed e i t h e r by fluorescence spectroscopy(l0) o r by transmission spectroscopy. I n t h i s l a t t e r case the amount o f cholorophyll i s c a l c u l a t e d using formulae t a k i n g i n account the o p t i c a l density a t various wavelengths (8, 9) . Such a c a l c u l a t i o n i s made necessary i n order t o d i s t i n g u i s h c h l o r o p h y l l from other pigments and t o account f o r p a r t i a l d e s t r u c t i o n o f chlorop h y l l during the e x t r a c t i o n procedure.
The inconvenience o f these spectroscopic techniques i s t h a t they necessitate e x t r a c t i o n o f t h e c h l o r o p h y l l from the sample. As c h l o r o p h y l l i s a very unstable compound which i s e a s i l y o x i d i z e d i t i s d i f f i c u l t t o d e f i n e a good compromise between an incomplete e x t r a c t i o n and a too severe one t h a t p a r t i a l l y destroys t h e c h l o r o p h y l l .
For these reasons photoacoustic spectroscopy which does n o t r e q u i r e e x t r a c t i o n o f the c h l o r o p h y l l appears as a promising technic f o r such a study. k'e s h a l l n o t describe the basic p r i n c i p l e s o f t h i s technique which are described i n ref.14 t o 18. L e t us j u s t i n d i c a t e t h a t the major advantages o f t h i s technique are the f o l l o w i n g : -d i r e c t and surface observation o f the p a r t i c l e s a f t e r a simple f i l t r a t i o n , o f the estuarine water.
-non d e s t r u c t i v e measurement making p o s s i b l e the use o f o t h e r techni-
ques f o r the a n a l y s i s o f the same sample, -technique which needs o n l y a small volume (10 t o 100 ml) o f water.
I n order t o demonstrate the e f f i c i e n c y o f photoacoustic spectroscopy f o r the study o f c h l o r o p h y l l i n t h e Gironde estuary we have measured t h e s p a t i a l e v o l u t i o n o f c h l o r o p h y l l a l l along the estuary and the e v o l u t i o n as a f u n c t i o n o f t i d e and place i n i t s upper p a r t .
The major inconvenience o f t h e photo acoustic technique i s the d i f f ic u l t y i n making q u a n t i t a t i v e evaluations, due t o the complexity o f the signal which depends on both the o p t i c a l and thermal p r o p e r t i e s o f the sample. I n the case o f estuarine p a r t i c u l a t e matter, the problem consists i n the occurence o f both c h l o r o p h y l l containing phyto plancton o r p a r t i c l e s and inorganic p a r t i c u l a t e matter. This l a t t e r p a r t which r e s u l t s i n t h e t u r b i d i t y o f t h e water c o n t r i b u t e s t o the phdo acoustic signal as i t modifies the propagation o f the thermal wave w i t h i n the sample. W e have thus made a c a l i b r a t i o n using samples obtained by f i l t r a t i o n o f a c h l o r e l l a c u l t u r e o f varying t u r b i d i t y .
EXPERIMENTAL
Samples were c o l l e c t e d from the estuary by two d i f f e r e n t procedures. For s p a t i a l e v o l u t i o n measurements we have p a r t i c i p a t e d i n a vast i n t e r d i s c i p l i n a r y sampling campaign: " L i b e l l u l e 111" on J u l y 16, 1982. The samples were c o l l e c t e d a t one meter depth from an h e l i c o p t e r which mooved along t h e estuary i n order t o always sample a t low t i d e .
I n t h e case o f the spatio-temporal evolution, the samples have been taken a t 0.5 m depth i n a 50 km range which i s the domain where c h l o r o p h y l l disapears. The sampling has been done a t low, midle andhigh t i d e on J u l y 21 1982. The c o l l e c t e d samples were immediately r e f r i g e r a t e d and f i l t e r e d w i t h i n 12 h. on Whatman GFC (0.45um) f i l t e r s . Depending on the t u r b i d i t y o f the water, 10 t o 100 ml water samples have been used.
The c a l i b r a t i o n samples were prepared from a c h l o r e l l a c u l t u r e . I t i s known t h a t the amount o f c h l o r o p h y l l contained i n algae c u l t u r e s o f same population may vary by an order o f magnitude depending on the n u t r i t i o n a l s t a t e o f the algae ( l l ) . U e have thus c a l i b r a t e d the c u l t u r e by e x t r a c t i n g the c h l o r o p h y l l . chlorophyll concentration a u Evolution of particulate chlorophyll along the estuary. The quantitative estimation has been correlated with the turbidity o f the water. -The amount o f c h l o r o p h y l l decreases on e n t e r i n g the estuary. There i s no detectable c h l o r o p h y l l i n the major p a r t o f the estuary ( f i g 2). Yeantime the t u r b i d i t o f the water s t r a n g l y increases down the estuary. The disapearance of c h l o r o p h y f l i n the upper p a r t of e s t u a r i e s which i s a l s o accompanied by a decrease i n p a r t i c u l a t e organic carbon (13) has already been observed. It i s g e n e r a l l y i n t e r p r e t e d as being due t o the c l a y i n suspension which prevents l i g h t s from penetrating the water. As a r e s u l t phyto plancton diesand c h l o r o p h y l l i n contact w i t h water w i t h o u t i t s p r o t e c t i n g environment i s oxidized and disapears.
As c h l o r e l l a s are known t o have a strong p e c t o -c e l l u l o s i c membrane, we f i r s t destroyed i t by immersing t h e f i l t e r s i n l i q u i d n i t r o g e n and then e x t r a c t e d the chlor o p h y l l w i t h acetone under u l t r a s o n i c a g i t a t i o n . A f t e r c e n t r i f u g a t i o n , the absorption spectrum o f t h e e x t r a c t was taken and the amount o f c h l o r o p h y l l calcul a t e d . I n order t o study the i n f l u e n c e o f the water t u r b i d i t y on t h e signal we added t o the
-The c h l o r o p h y l l i s again present near the sea ( f i g 2 ) . I t e x h i b i t s a spectrum s l i g h t l y s h i f t e d r e l a t i v e t o the fresh water c h l o r o p h y l l as the v i s i b l e band occurs a t 668 ( f i g . 1). This makes e v i d e n t the d i f f e r e n c e s i n c h l o r o p h y l l environments i n both type o f waters. The s h i f t might be due t o d i f f e r e n t phyto plancton o r d i f f e r e n t water c h a r a c t e r i s t i c s . I t has t o be noted t h a t photo acoustic spectroscopy i s the o n l y technique which allows such an observation as i t does n o t r e q u i r e the e x t r a c t i o n o f the c h l o r o p h y l l from t h e phyto plancton.
The samples c o l l e c t e d between La Reole and P o r t e t s a t various moments o f the t i d e have shown t h a t the disapearance o f c h l o r o p h y l l i n the upper p a r t o f the estuary occurs w i t h i n a sigmoPd p r o f i l e i n a s h o r t distance of a few kilomet e r s ( f i g . 3 ) . This concentration p r o f i l e i s displaced upstream a t h i g h t i d e and down stream a t low t i d e .
The c a l i b r a t i o n procedure allowed us t o make a q u a n t i t a t i v e e s t i m a t i o n o f p a r t i c u l a t e c h l o r o p h y l l . The e v o l u t i o n o f photo acoustic signal has been studied i n a c h l o r e l l a concentration range t o C/200. E x t r a c t i o n has showed t h a t the c h l o r e ll a s o l u t i o n o f concentration c contains100pg c h l o r o p h y l l per 1 i t e r .
A 1 i n e a r r e l a t i~n~s h i p between the s i g n a l and t h e c h l o r e l la concentrat i o n i s o n l y observed i n the concentration range C/200 t o C/D. At h i g h e r c h l o r e l l a concentration, s a t u r a t i o n i s observed and the s i g n a l i s lower than expected( fig.4) . W e do n o t i n t e r p r e t t h i s s a t u r a t i o n as being due t o the i n t r i n s i c photo acoustic s a t u r a t i o n e f f e c t because the phase angle i s n o t modified a t these high concentrat i o n values. W e propose t h a t i t o n l y r e s u l t s from the existence of m u l t i l a y e r s o f c h l o r e l l a s on the f i l t e r .
When increasing t h e c h l o r e l l a suspension t u r b i d i t y , by i n t r o d u c i n g inorganic p a r t i c u l a t e matter one does n o t observe any change i n the s i g n a l as long as t h e t u r b i d i t y does n o t exceed 10 mg/l. This corresponds t o a 1 mg mud deposit on the f i l t e r as 100 rnl samples have been f i l t e r e d ( f i g . 5 ) . A t higher t u r b i d i t y , the s i g n a l s t i l l depends l i n e a r l y upon concentration b u t t h e slope o f t h e curve decreases ( f i g . 5)
We i n t e r p r e t these observations ( f i g . 6 ) i n t h e f o l l o w i n g way: as f a r as t h e c h l o r e l l a d e p o s i t does n o t exceed a monolayers, l i n e a r r e l a t i o n s h i p i s observed. A t low t u r b i d i t y , mud i s i n s e r t e d on t h e f i l t e r i n between t h e c h l o r e l l a s and thus does n o t a f f e c t t h e s i g n a l . A t i s h e r t u r b i d i t y values t h e mud covers t h e c h l o r e l l a s a n d thus a o d i f i e s t h e p r o p a g a t i o n o f t h e t h e r r a l vave w i t h i n t h e sample.
In o r d e r t o nake a q u a n t i t a t i v e e v a l u a t i o n o f p a r t i c u l a t e c h l o r o p h y l l from a c o u s t i c spectra, i t i s thus necessary t o determine t h e amount o f i n o r g a n i c m a t e r i a l on the f i l t e r by weighing i t and then e s t i m a t i n o from t h e a p p r o p r i a t e c a l i b r a t i o n curve o f f i g . 5 t h e amount o f c h l o r o p h y l l .
CONCLUSION
We have demonstrated the p o s s i b i l i t y o f u s i n g photo a c o u s t i c spectroscopy i n environmental science i n t h e case of t h e a n a l y s i s o f p a r t i c u l a t e c h l o r o p h y l l . The major advantage of t h e technique i s t h a t i t does n o t need any sample preparat i o n . I.le have t r i e d t o overcome i t s m a j o r inconvenience which i s t h e d i f f i c u l t y o f making q u a n t i t a t i v e a n a l y s i s by e s t a b l i s h i n g a c a l i b r a t i o n procedure. 
